
WORLD INTELLECTUAL PROPERTY ORGANIZATION
International BureauPCX

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6
;

C12Q V6S Al
(11) International Publication Number:

(43) Intemattonal Publication Date:

WO 99/19510

22 April 1999 (22.04,99)

(21) Interaational Application Number: PCT/US98/16686

(22) International FQing Date: 1 1 August 1998 (11.08.98)

(30) Priority Data:

60/061,604 10 October 1997 (10.10.97) US

(71) Applicant (for all designated States except US): PRESIDENT
AND FELLOWS OF HARVARD COLLEGE [US/US);

University Place, 124 Mont Aubum Street. Cambridge, MA
02138 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHURCH. George, M.
[US/US]; 218 Kent Street, Brookline. MA 02146 (US).

BULYK, Martha, L. [USAJS]; 103 Bowne Street #3,

Brookline. MA 02146 (US).

(74) Agent: WILLIAMS, Kathleen, M.; Banner & Witcoff, Ltd.,

28th floor, 28 State Street, Boston, MA 02 11 1 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU. CZ, DE, DK, EE, ES. FI. GB, GE,
GH, HU, IL. IS, JP, KE, KG, KP, KR. KZ, LC, LK. LR,

LS, LT, LU. LV, MD, MG, MK, MN, MW, MX, NO, NZ,
PL. FT, RO, RU, SD, SE, SG, SI, SK, SL. TJ, TM. TR. TT,

UA, UG, US. UZ, VN, YU, ZW, ARIPO patent (GH. GM,
KE, LS. MW, SD, SZ, UG, ZW). Eurasian patent (AM. AZ,

BY. KG, KZ. MD. RU, TJ, TM), European patent (AT. BE,

CH, CY, DE, DK, ES, FI, FR, GB. GR. IE. IT, LU, MC,
NL, FT. SE), OAPl patent (BF, BJ, CF. CG, CI, CM, GA,
GN. GW, ML. MR, NE, SN. TD. TG).

Published

With international search report.

(54) Title: SURFACES-BOUND. DOUBLE-STRANDED DNA PROTEIN ARRAYS

(57) Abstract

The invention provides a synthetic array of surface-bound, bimolecular, double-stranded nucleic acid molecules, the array comprises

a solid support and a plurality of bimolecular double-stranded nucleic acid molecule members, a member comprising a first nucleic acid

strand linked to the solid support and a second nucleic acid strand which is substantially complementary to the first strand and complcxed

to the first strand by Watson-Crick base pairing, wheircin for at least a portion of the members, each member comprises a recognition
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SURFACE-BOUND, DOUBLE-STRANDED DNA PROTEIN ARRAYS

5 FIELD OF INVENTION

The invention relates to nucleic acid protein arrays.

BACKGROUND OF THE INVENTION

This ^plication claims the benefit ofU.S. Provisional Application No.

10 60/061,604, filed October 10, 1997.

Compact arrays or libraries of surface-bound, double-stranded oligonucleotides are

ofuse in rapid, high-throughput screening ofproteins to identify those that bind, or

othenvise interact with, short, double-stranded DNA sequence motifs. Of particular

interest are trans-XQgulaXovy factors that control gene transcription. Ideally, such an

15 oligonucleotide array is bound to the surface of a solid support matrix that is of a size that

enables laboratory manipulations, e.g. an incubation of a candidate protein with the nucleic

acid sequences thereon, and that is itself inert to chemical interactions with experimental

proteins, buffers and/or other components. In addition, it is desirable that the absolute

number of unique nucleic acid sequences in the array be maximized, since methods of

20 high-throughput screening are used in the attempt to minimize repetition of steps that are

labor-intensive or otherwise costly.

A high-density, double-stranded DNA array complexed to a solid matrix is

described by Lockhart (U.S. Patent No.: 5,556,752); however, the DNA molecules therein

disclosed are produced as unimolecular products of chemical synthesis. As synthesized,

25 each member of the array contains regions of self-complementarity separated by a spacer

(i.e. a single-strand loop), such that these regions hybridize to each other in order to

produce a double-helical region. Further, it is required that those regions of

complementary nucleic acid sequences that must hybridize in order to form the double-

helical structure are physically attached to each other by a linker subunit.

The invention provides a synthetic array of surface-bound, bimolecular, double-

stranded nucleic acid molecules, the array comprising a solid support and a plurality of

30

SUMMARY OF THE INVENTION
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bimoiecuiar double-stranded nucleic acid molecule members, a member comprising a first

nucleic acid strand linked to the solid support and a second nucleic acid strand which is

substantially complementary to the first strand and complexed to the first strand by

Watson-Crick base pairing, wherein for at least a portion of the members, each member

5 comprises a recognition site within a nucleic acid sequence for a protein, wherein a

recognition site within a nucleic acid sequence for a protein of a first member is different

fix)m a recognition site within a nucleic acid sequence for a protein of a second member

and wherein a protein is bound to a member thereof.

The term "synthetic", as used herein, is defined as that which is produced by in

10 vitro chemical or enzymatic synthesis. The synthetic arrays ofthe present invention may

be contrasted with natural nucleic acid molecules such as viral or plasmid vectors, for

instance, which may be propagated in bacterial, yeast, or other living hosts.

As used herein, the term "nucleic acid" is defined to encompass DNA and RNA or

both synthetic and natural origin. The nucleic acid may exist as single- or double-stranded

15 DNA or RNA, an RNA/DNA heteroduplex or an RNA/DNA copolymer, wherein the tenn

"copolymer" refers to a single nucleic acid strand that comprises both ribonucleotides and

deoxyribonucleotides.

As used herein, the term "bimoiecuiar" refers to the fact that the 5* end of the first

strand and 3' end of the second strand are not linked via a covalent bond, and thus do not

20 form a continuous single strand. As used herein in this context, "covalent bond" is defined

as meaning a bond that forms, directly or via a spacer comprising nucleic acid or another

material, a continuous strand that comprises the 5' end of the first strand and the 3' end of

the second strand, and thus includes a 3VS' phosphate bond as occurs naturally in a single-

stranded nucleic acid. This definition does not encompass intermolecular crosslinking of

25 the first and second strands.

When used herein in this context, the term "double-stranded" refers to a pair of

nucleic acid molecules, as defined above, that exist in a hydrogen-bonded, helical array

typically associated with DNA, and that under these umbrella terms are included those

paired oligonucleotides that are essentially double-stranded, meaning those that contain

30 short regions ofmismatch, such as a mono-, di- or tri-nucleotide, resulting fi^m design or

error either in chemical synthesis of the oligonucleotide priming site on the first nucleic

acid strand or in enzymatic synthesis of the second nucleic acid strand; it is contemplated

that at least a portion of the members of the array have a second nucleic acid strand which

2
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is substantially complementary to- and base paired with the first strand along the entire

length of the first strand.

As used herein, the terms "complementary" and "substantially complementary"

refer to the hybridization or base pairing between nucleotides or nucleic acids, such as, for

5 instance, between the-two strands of a double-stranded DNA molecule or between an

oligonucleotide primer and a primer binding site on a single stranded nucleic acid to be

sequenced or amplified. Complementary nucleotides are, generally, A and T (or A and U),

or C and G. Typically, sequences which are complementary will hybridize to each other

under stringent conditions. Stringent hybridization conditions will typically include salt

10 concentrations of less than about IM, more usually less than about 500 mM, and

preferably less than about 200 mM. Alternatively, stringent hybridization conditions

typically include at least 10% fonnamide, preferably 20% and more preferably 40%.

Hybridization temperatures can be as low as S^'C, but are typically greater than 22**C,

more typically greater than about 30°C, and preferably in excess of about 37°C. Longer

15 fragments may require higher hybridization temperatures for specific hybridization, while

those that are rich in dA and dT may require lower temperatures. Two single-stranded

RNA or DNA molecules are said to be substantially complementary when the nucleotides

of one strand, optimally aligned and compared and with appropriate nucleotide insertions

or deletions, pair with at least about 80% of the nucleotides ofthe other strand, usually at

20 least about 90% to 95%, and more preferably from about 98 to 100%. Sequences that are

substantially complementary may hybridize under stringent conditions; however, it is

usually necessary to raise the concentration of salt, or lower the concentration of

foimamide or the hybridization temperature.

As used herein in reference to nucleic acid members ofan array, the term "portion"

25 refers to at least two members ofan array. Preferably, a portion refers to a number of _ ^

individual members ofan array, such as at least 60%, 80%, 90% and 95-100% of such

members.

As used herein, the terms "recognition site for a protein" and "recognition site

within a nucleic acid sequence for a protein" refers to a nucleic acid sequence which is

30 recognized and/or bound by a protein.

As used herein with regard to recognition sites within a nucleic acid sequence for a

protein, the term "different" refers to two or more nucleic acid sequences which are

recognized and/or bound by a protein or proteins, which recognition sites within a nucleic

3
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acid sequence for a protein differ in the identity of at least one nucleotide.

As used herein, the term "array" is defined to mean a heterogeneous pool of

nucleic acid molecules that is affixed to a solid support in a spatially-ordered manner, such

as a Cartesian distribution (in other words, arranged at defined points along the x- and y

5 axes of a grid or specific 'clock positions' within- or degrees or radii fi-om the center of a

radial pattern) of nucleic acid molecules over the support, that permits identification of

individual features during the course of experimental manipulation.

As used herein, the term "feature" refers to each nucleic acid sequence occupying a

discrete physical location on the array; if a given sequence is represented at more than one

10 such site, each site is classified as a feature. A feature comprises one or a plurality of

individual, double-stranded, bimolecular nucleic acid molecule members; within a given

feature, every such member represents the same sequence.

According to the invention, the array may have virtually any number of different

features. In preferred embodiments, the aixay comprises from 2 up to 100 features, more

15 preferably bom 100 up to 10,000 features and highly preferably fiom 10,000 up to

1,000,000 features, preferably on a solid support. In preferred embodiments, the array will

have a density ofmore than 100 features at known locations per cm^ preferably more than

1,000 per cm^, more preferably more than 10,000 per cm^.

According to the methods disclosed herein, a "solid support" (or, simply,

20 "support") is defined as a material having a rigid or semi-rigid surface to which nucleic

acid molecules may be attached or upon which they may be synthesized.

It is contemplated that attached to the solid support is a spacer. The spacer

molecule is preferably of sufficient length to permit the double-stranded oligonucleotide in

the completed member ofthe array to interact freely with molecules exposed to the array.

25 The spacer molecule, which may comprise as little as a covalent bond length, is typically ^

6*50 atoms long to provide sufficient exposure for the attached double-stranded DNA

molecule. The spacer is comprised of a surface attaching portion and a longer chain

portion.

It is preferred that the 3' end ofthe first strand is Imked to the support.

30 It is additionally preferred that the S' end ofthe first strand and the 3' end ofthe

second strand are not linked via a covalent bond.

Preferably, the S' end ofthe second strand is not linked to the support.

It is preferred that the recognition site within a nucleic acid sequence for a protein

4
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is selected from the group that includes naturally-occurring recognition sites within a

nucleic acid sequence for a protein or proteins, synthetic variants of naturaily-occurring

recognition sites within a nucleic acid sequence for a protein or proteins and randomized

nucleic acid sequences.

5 As used herein in reference to recognition sites within a nucleic acid sequence for a

protein or proteins, the term "naturally-occurring" refers to such sequences isolated from

an organism, wherein those sequences are native to that species or strain oforganism and

are not the products of genetic engineering, e.g. synthetic sequences, whether transiently

transfected or stably incorporated into the genome of a transgenic or transiently-

10 transfected organism or one or more of its ancestor organisms.

As used herein, the tenn "allelic variant'* refers to a naturally-occuring nucleic acid

sequence which is present in a subset of individuals (2-98%) of a population. Such a

sequence may function properly (e.g. be recognized by the correct protein) or may be

poorly- or non-functional. The term "poorly-functional" refers to a recognition site within

15 a nucleic acid sequence for a protein which, for example, has lowered affinity for its

corresponding protein or is recognized and bound by the wrong protein. In this context, a

"non-functional" recognition site within a nucleic acid sequence for a protein would be

expected to bind background levels of (essentially no) protein. Unless foimd in a majority

of individuals in a population, the sequence of an allelic variant differs in at least one

20 position relative to that of a consensus sequence, as defined below.

As used herein, the term "mutant variant" refers to a naturally-occurring nucleic

acid sequence which occurs at a low frequency (less than 2%) in a population. As is true

of an allelic variant, a mutant variant may function properly, poorly or not at all.

As used herein, the term "synthetic variant" refers to a nucleic acid sequence in

25 which the identity of at least one nucleotide has been altered in vitro, such that it

represents no naturally-occuring variant ofthe sequence upon which is is based. A

synthetic variant may function properly, poorly or not at all.

As used herein with regard to individual nucleic acid sequences, the term

"randomized" refers to in v/rro-synthesized sequences in which any nucleotide or

30 ribonucleotide can be present at one, more than one or all positions; therefore, for such

positions as are randomized, the sequence of the finished molecule is not pre-determined,

but is left to chance.

As used herein with regard to an array of the invention, the term "randomized"

5
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refers to an array which is constructed such that, for a sequence of a recognition site within

a nucleic acid sequence of a protein of a selected length (e.g. a hexamer), each possible .

nucleotide combination is comprised by a corresponding feature thereof. In order to

realize a complete set of such nucleotide sequence permutations, it is necessary to specify

5 fully the sequence of each feature during synthesis of the array; therefore, while such an

array may be referred to as an "array ofrandomized 6-mers" the design of the array is

entirely non-random.

One or more recognition sites within a nucleic acid sequence for a protein or

proteins may be present in a given member nucleic acid of an array, wherein "one or

10 more" refers to one, two, three, four, five and even up to 10-20 sites.

In a preferred embodiment, the recognition site within a nucleic acid sequence for a

protein comprises two half-sites, wherein either is recognized by a different protein than is

the other.

As used herein, the term "half-site" refers to a nucleic acid sequence which is

15 recognized and bound by a targeting amino acid sequence present on one protein subunit

of a dimeric protein complex. Neither subunit of the dimeric protein complex will bind its

cognate half-site alone (i.e., unless dimerized to the other); therefore, either both half-sites

are occupied by protein, or neither is. Both half sites of a recognition site within a nucleic

acid sequence for a protein may be identical, whether arranged head-to-tail or as a

20 palindrome (head-to-head or tail-to-tail); if in the latter configuration, the sequence ofa

recognition site within a nucleic acid sequence ofa protein is said to have "dyad

symmetry". Typically, a recognition site within a nucleic acid sequence for a protein

bound by a protein homodimer comprises two identical half-sites. Alternatively, the two

half-sites comprised by a recognition site within a nucleic acid sequence for a protein may

25 be unlike in sequence; it is usually true that dissimilar half-sites are bound by different . ^

targeting amino acid sequences, as would be found on the two subunits of a protein

heterodimer. Depending on their orientation relative to one another, recognition sites

within a nucleic acid sequence for a protein comprising non-identical, but similar, half-

sites may also be said to have dyad synmietiy.

30 As used herein, the term "targeting amino acid sequence" refers to an amino acid

sequence present on a protein which sequence recognizes a recognition site within a

nucleic acid sequence for a protein on a nucleic acid molecule. A protein may comprise

one or a plurality (two or more) of targeting amino acid sequences and bind one or a

6
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plurality of different recognition sites within a nucleic acid sequence for a protein or

proteins. A given targeting nucleic acid sequence may recognize and bind one recognitiqn

site within a nucleic acid sequence for a protein or different recognition sites within a

nucleic acid sequence for a protein or proteins on a nucleic acid molecule. "Different

5 targeting amino acid sequences", herein defined as those which differ by at least one

amino acid, may recognize and bind the same recognition site within a nucleic acid

sequence for a protein or proteins, different recognition sites within a nucleic acid

sequence or sequences for a protein or proteins, or two partially-overlapping sets of

different recognition sites within a nucleic acid sequence for a protein or proteins on a

10 nucleic acid molecule.

It is contemplated that different targeting amino acid sequences, as defined above,

may exist on a single polypeptide molecule; typically, however, different targeting amino

acid sequences are found on different polypeptide molecules that are of use in the

invention. If a polypeptide should possess two or more targeting amino acid sequences,

15 and these targeting amino acid sequences differ in the sequence of at least one amino acid

(whether or not they differ in binding-site specificity), that single polypeptide molecule

comprises more than one different protein, as defined herein.

The term "half-site" is not appUcable to a recognition site within a nucleic acid

sequence for a protein (whether in whole or in part) which is recognized by a protein that

20 binds nucleic acids alone, rather than in a di- or multimeric complex, regardless ofthe

presence ofany intemal symmetry or repetition of sequence in such a recognition site

within a nucleic acid sequence for a protein.

As used herein, the term "different protein" refers to two or more proteins which

differ in the identity of at least one amino acid within a targeting amino acid sequence.

25 It is contemplated that different recognition sites within a nucleic acid sequence for

a protein on a nucleic acid molecule or molecules may be recognized and bound by the

same targeting amino acid sequence, by different targeting amino acid sequences, or by

two partially-overlapping sets of different targeting amino acid sequences of a protein or

proteins.

30 It is preferred that the protein which is bound to a member thereof comprises a

detectable label.

Preferably, the protein is a chimeric protein.

As used herein, the term "chimeric" refers to a protein which comprises fused

7
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sequences of two or more polypeptides that are, themselves, different in amino acid

sequence and are typically encoded by different genes. The term "different genes" may.

refer to allelic of mutant variants of a gene present at a single genetic locus; preferably, it

refers to two or more genes which are found at a corresponding number of genetic loci,

5 and which may be selected from one or more individual organisms or species of organism.

A chimeric protein may be advantageously produced by the in-frame fusion and

subsequent expression of nucleic acid sequences encoding the component amino acid

sequences. Such amino acid sequences may each comprise an entire protein; alternatively,

one or more sequence comprised by a chimeric protein may be a fragment of a protein.

10 Typically, each segment is sufficient in scope to retain its native biological activity (e.g. a

targeting amino acid sequence which binds a recognition site within a nucleic acid

sequence for a protein on a nucleic acid molecule in the context of its native protein will

do so in the context of the chimera).

It contemplated that a chimeric (or "fusion") protein according to the invention

15 comprises a protein which binds a recognition site within a nucleic acid sequence for a

protein, fused to a second protein component comprising any one ofa receptor, an

enzyme, a candidate enzyme domain such as a kinase or a protease domain, a candidate

proteimprotein dimerization domain, a candidate ligand binding domain, or a substrate for

a protein-directed enzymatic reaction. In this context, a ••protein" is either a whole protein

20 or a protein fragment which retains its ability to recognize- and bind specifically to a

recognition site within a nucleic acid sequence for a protein on a nucleic acid molecule to

which site the native, whole protein binds.

As used herein, the term '*domain" is a portion ofa protein molecule which is

sufficient for the performance of a given function, whether in the presence or absence of

25 other sequences ofthe protein. It is contemplated that a domain is encoded by an . ^

uninterrupted amino acid sequence, such that it may be physically cleaved whole away

from other amino acid sequence elements and such that it will fold properly without the

influence of neighboring sequences.

It is preferred that the chimeric protein comprises a DNA-binding domain fiised in-

30 frame with a proteinrprotein dimerization domain.

As used herein with regard to protein domains, the term "DNA-binding" refers to a

function of the domain, which is to bind to a recognition site within a nucleic acid

sequence for a protein on a DNA molecule.

8
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In another preferred embodiment, the chimeric protein comprises a DNA-binding

domain fused in-frame to Green Fluorescent Protein.

Preferably, the solid support is a silica support.

It is preferred that the first strand is produced by chemical synthesis and the second

strand is produced by enzymatic synthesis.

Preferably, the first strand is used as the template on which the second strand is

enzymatically produced.

It is preferred that the first strand of each member contains at its 3' end a binding

site for an oligonucleotide primer which is used to prime enzymatic synthesis of the

second strand, and at its 5* end a variable sequence.

The term "oligonucleotide primer", as used herein, refers to a single-stranded DNA

or RNA molecule that is hybridized to a nucleic acid template to prime enzymatic

synthesis of a second nucleic acid strand.

Preferably, enzymatic synthesis is performed using an enzyme.

In a preferred embodiment, the oligonucleotide primer is between 10 and 30

nucleotides in length.

It is preferred that the first strand comprises DNA.

It is additionally preferred that the second strand comprises DNA.

Preferably, the first and second strands each comprise from 16 to 60 monomers

selected from the group that includes ribonucleotides and deoxyribonucleotides.

Use ofthe term "monomer" is made to indicate any ofthe set ofmolecules which

can be joined together to form an oligomer or polymer. The set ofmonomers useful in the

present invention includes, but is not restricted to, for the example of oligonucleotide

synthesis, the set ofnucleotides consisting ofadenine, thymine, cytosine, guanine, and

uridine (A, T, C, G, and U, respectively) and synthetic analogs thereof As used herein,. ,

"monomer" refers to any member ofa basis set for synthesis ofan oligomer. Different

basis sets ofmonomers may be used at successive steps in the synthesis of a polymer.

Preferably, at least a portion of the plurality have a second nucleic acid strand that

is substantially complementary to- and base-paired with the first strand along the entire

length ofthe first strand.

As used herein in reference to a plurality ofnucleic acid members of an array, the

tenn "portion" refers to at least two members of an array. Preferably, a portion refers to a

number of individual members ofan array, such as at least 60%, 80%, 90% and 95-100%

9
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of such members.

Another aspect of the present invention is a method for the construction of a

synthetic array of surface-bound, bimolecular, double-stranded nucleic acid molecules,

comprising the steps of providing an array of first nucleic acid strands linked to a solid

5 support, hybridizing to the first strands an oligonucleotide primer that is substantially

complementary to a sequence comprised by a first strand, performing enzjmatic synthesis

of a second nucleic acid strand that is complementary to a first strand so as to pennit

Watson-Crick base pairing and so as to forafi an array comprising a plurality of

bimolecular, double-stranded nucleic acid molecule members, wherein for at least a

10 portion of the members, each member comprises a recognition site within a nucleic acid

sequence for a protein and wherein a recognition site within a nucleic acid sequence for a

protein of a first member is different fit)m a recognition site within a nucleic acid sequence

for a protein of a second member, and incubating the array with a protein sample

comprising a protein under conditions that permit specific binding of the protein to a

15 member of the array, such that a protein becomes bound to a recognition site within a

nucleic acid sequence for a protein on a member to fonn a nucleic acid protein array.

Preferably, the 3' end of the first strand is linked to the support.

It is preferred that the 5' end of the first strand and the 3* end ofthe second strand

are not linked via a covalent bond.

20 It is additionally preferred that the S* end of the second strand is not linked to the

solid support.

Preferably, the recognition site within a nucleic acid sequence for a protein is

selected firom the group that includes naturally-occurring recognition sites within a nucleic

acid sequence for a protein or proteins, synthetic variants ofnaturally-occuiring

25 recognition sites within a nucleic acid sequence for a protein or proteins and randomize^ ^

nucleic acid sequences.

Preferably, the recognition site within a nucleic acid sequence for a protein

comprises two half-sites, wherein either is recognized by a different protein than is the

other.

30 It is preferred that the protein which is bound to a member of the array comprises a

detectable label.

It is also prefeired that the protein is a chimeric protein.

In a particularly preferred embodiment, the chimeric protein comprises a DNA-

10
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10

15

20

25

binding domain fused in-frame with a proteinrprotein dimerization domain.

It is also particularly preferred that the chimeric protein comprises a DNA-binding

domain fused in-frame to Green Fluorescent Protein.

Preferably, the solid support is a silica support.

It is preferred that the first strand of each member contains at its 3' end a binding

site for an oligonucleotide primer which is used to prime enzymatic synthesis of the

second, and at its 5' end a variable sequence, wherein the binding site is present in each

member of the array.

Preferably, enzymatic synthesis is performed using an enzyme.

In a preferred embodiment, the oligonucleotide primer of is between 10 and 30

nucleotides in length.

It is preferred that the first strand comprises DNA.

It is additionally preferred that the second strand comprises DNA.

Preferably, the first and second strands each comprise from 1 6 to 60 monomers

selected from the group that includes ribonucleotides and deoxyribonucleotides.

In a highly preferred embodiment, the solid support is a silica support and the first

and second strands each comprise from 16 to 60 monomers selected fix>m the group that

includes ribonucleotides and deoxyribonucleotides.

Preferably, the protein sample comprises a candidate inhibitor of binding of the

protein to a recognition site within a nucleic acid sequence for a protein on a member of

the array.

It is preferred that the protein sample comprises a candidate inhibitor ofbinding of

the protein to a second protein.

The invention also encompasses a method ofdetemiining a consensus nucleic acid

sequence for a recognition site within a nucleic acid sequence in a nucleic acid molecule ^

for a protein comprising the steps ofproviding a nucleic acid protein array comprising a

solid support and a plurality ofbimolecular double-stranded nucleic acid molecule

members, a member comprising a first nucleic acid strand linked to the solid support and a

second nucleic acid strand which is substantially complementaiy to the first strand and

complexed to the first strand by Watson-Crick base pairing, wherein for at least a portion

of the members, each member comprises a recognition site within a nucleic acid sequence

for a protein, wherein a recognition site within a nucleic acid sequence for a protein of a

first member is different from a recognition site within a nucleic acid sequence for a

SUBSTITUTE SHEET (RULE 26)
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protein of a second member and wherein a protein comprising a detectable label is bound

to a member thereof, and performing a detection step to detect the presence of the label on

a feature of the array, wherein nucleotides that are shared among the recognition sites

within a nucleic acid sequence for a protein present on features on which the label is

detected form a consensus nucleic acid sequence for a recognition site within a nucleic

acid sequence for a protein specific for the protein.

As defined herein in reference to recognition sites within a nucleic acid sequence

for a protein or proteins, the term "consensus" refers to a common nucleic acid sequence

wherein the nucleotide at each position thereof represents that which is most frequently .

found in recognition sites within a nucleic acid sequence for a selected protein or group of

proteins. A consensus sequence may be identical to a naturally-occurring recognition site

within a nucleic acid sequence for a protein; alternatively, it may have a sequence which

does not occur naturally in the genome of an organism.

As used herein, the term "shared" refers to a nucleotide or ribonucleotide which is

present in all, or substantially all sequences compared, wherein substantial sharing is

defined as the presence in 75% or more of said sequences of a given nucleotide or

ribonucleotide at a specified position.

The invention additionally provides a method of identifying for a first protein

which binds a nucleic acid as half ofa protein:protein heterodimer complex one or a

plurality of candidate second proteins with which it might dimerize and bind a nucleic acid

molecule in vivo, comprising the steps of providing a nucleic acid array comprising a solid

support and a plurality ofbimolecular double-stranded nucleic acid molecule members, a

member comprising a first nucleic acid strand linked to the solid support and a second

nucleic acid strand which is substantially complementary to the first strand and complexed

to the first strand by Watson-Crick base pairing, wherein for at least a portion ofthe _ ,

members, each member comprises a recognition site within a nucleic acid sequence for a

protein, wherein a recognition site within a nucleic acid sequence for a protein ofa first

member is different fi'om a recognition site within a nucleic acid sequence for a protein of

a second member, wherein a binding site comprises two half-sites and wherein either of

the half-sites of a recognition site within a nucleic acid sequence for a protein is

recognized by a different protein than is the other, incubating the array with a protein

sample comprising a first protein which recognizes a first half-site of a recognition site

within a nucleic acid sequence within a nucleic acid sequence for a protein and one or a

12
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plurality ofcandidate second proteins under conditions which permit heterodimerization of

a first and candidate second protein and binding of a proteinrprotein heterodimer to a

recognition site within a nucleic acid sequence for a protein, recovering a protein:protein

heterodimer complex from a member of the array under conditions whereby the first

5 protein and candidate second protein dissociate from one another, and identifying the

candidate second protein, wherein each candidate second protein so identified represents a

protein with which the first protein may dimerize in vivo.

Preferably, identifying of the candidate second protein comprises sequencing

thereof

10 In another preferred embodiment, identifying of the candidate second protein

comprises binding of the candidate second protein to an antibody which is specific

therefor.

It is preferred that the first protein comprises a detectable label.

It is additionally preferred that the method further comprises the step of performing

15 a detection step to detect the presence of the label on a feature of the array, wherein the

recognition site within a nucleic acid sequence for a protein present on a feature upon

which the label is detected represents a candidate recognition site within a nucleic acid

sequence for a protein which the heterodimer may bind in vivo.

The invention also provides a method of identifying candidate members of a set of

20 co-regulated genes, comprising the steps of providing a nucleic acid protein array

comprising a solid support and a plurality ofbimolecular double-stranded nucleic acid

molecule members, a member comprising a first nucleic acid strand linked to the solid

support and a second nucleic acid strand which is substantially complementary to the first

strand and complexed to the first strand by Watson-Crick base pairing, wherein for at least

25 a portion of the members, each member comprises a recognition site within a nucleic acid^

sequence for a protein, wherein a recognition site within a nucleic acid sequence for a

protein ofa first member is different from a recognition site within a nucleic acid sequence

for a protein of a second member and wherein a protein comprising a detectable label is

bound to a member thereof, and performing a detection step to detect the presence ofthe

30 label on a feature of the array, wherein a gene having among its regulatory sequences one

or more of the recognition sites within a nucleic acid sequence for a protein present on a

feature on which the label is detected is characterized as a candidate member of a set of co-

regulated genes that are regulated by the protein.

13
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A "set of co-regulated genes" refers to a number of genes, in the range of about 2

to about 30 genes, that exhibit a given response (in terms of gene expression) to an

external stimulus or a given response to a mutation in a specific gene. An example of the

latter is where a mutation in the coding region of gene X results in a change in expression

levels of genes A-Z. The term "co-regulated set of genes" additionally encompasses

genes which are normally under the control of a conunon /ra/w-regulatory factor, such as a

protein. The upper limit on the number in a set of co-regulated genes (i.e., "positives" or

up-regulated genes; or "negatives" or down-regulated genes) may be on the order of

several thousand.

Another aspect of the present invention is a method of assaying a candidate

inhibitor ofprotein/nucleic acid interactions, comprising the steps ofproviding a nucleic

acid array comprising a solid support and a plurality ofbimolecular double-stranded

nucleic acid molecule members, a member comprising a first nucleic acid strand linked to

the solid support and a second nucleic acid strand which is substantially complementary to

the first strand and complexed to the first strand by Watson-Crick base pairing, wherein

for at least a portion of the members, each member comprises a recognition site within a

nucleic acid sequence for a protein, wherein a recognition site within a nucleic acid

sequence for a protein of a first member is different 6om a recognition site within a

nucleic acid sequence for a protein of a second member, incubating the array with a

protein sample comprising a protein comprising a detectable label and a candidate

inhibitor ofbinding ofthe protein to a recognition site within a nucleic acid sequence for a

protein on a member of the array, under conditions which normally permit binding ofthe

protein to that member, and performing a detection step to detect the presence ofthe label

on the member, wherein the presence ofthe label on the member coiresponds with binding

ofthe protein to the member and wherein the negation of- or reduction in binding of the. -

protein to the member is indicative of efficacy ofthe candidate inhibitor ofprotein:nucleic

acid interactions in inhibiting binding ofthe protein to the recognition site within a nucleic

acid sequence for a protein.

Such protein:nucleic interactions include, but are not limited to, recognition of cis-

regulatory elements by transcription factors, which may include receptors or polymerase

subunits, binding ofnucleic acid molecules by structural proteins, such as histones or

cytoskeletal components, and recognition ofa nucleic acid molecule by restriction- or

other endonucleases, exonucleases and nucleic acid modification enzymes (such as

14
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iTiethyiases, ligases, phospatases, isomerases, transposases or other recombinases,

glycosylases and kinases).

The final aspect of the present invention is a method of assaying a candidate

inhibitor of a protein/protein interaction, comprising the steps ofproviding a nucleic acid

5 array comprising a solid support and a plurality ofbimolecular double-stranded nucleic

acid molecule members, a member comprising a first nucleic acid strand linked to the

solid support and a second nucleic acid strand which is substantially complementary to the

first strand and complexed to the first strand by Watson-Crick base pairing, wherein for at

least a portion ofthe members, each member comprises a recognition site within a nucleic

10 acid sequence for a protein, wherein a recognition site within a nucleic acid sequence for a

protein of a first member is different fi-om a recognition site within a nucleic acid sequence

for a protein of a second member, incubating the airay with a protein sample comprising a

first protein comprising a detectable label, wherein binding ofthe first protein to a

recognition site within a nucleic acid sequence for a protein on a member of the array is

15 dependent upon an interaction between the first protein and a second protein and wherein

the protein sample further comprises the second protein and a candidate inhibitor of the

interaction, under conditions which normally permit the interaction, and performing a

detection step to detect the presence of the label on a member ofthe array, wherein the

presence ofthe label on a member corresponds with binding ofthe protein to that member

20 and wherein the negation of- or reduction in binding ofthe protein to the member is

indicative of efficacy ofthe candidate inhibitor in inhibiting the interaction between the

first protein and the second protein.

Such protein:protein interactions include, but are not limited to, ligand/receptor

interactions, enzyme/substrate interactions, interactions between subunits of a nucleic acid

25 polymerase, and interactions between molecules ofhomo- or heterodimeric or -multimerie

complexes.

The utilization ofbimolecular, double-stranded, nucleic acid arrays comprising

recognition sites within a nucleic acid sequence for a protein or proteins or that ofnucleic

acid/protein arrays according to the invention provides an improvement over prior art

30 methods in that while the first strand of the DNA duplex is chemically-synthesized on the

support matrix, the second strand is enzymatically produced using the first strand as a

template. While the error rate in production ofthe first strand remains the same, increased

fidelity of second strand synthesis is expected to result in a higher percentage ofpoints on

15
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the matrix surface that are filled by hybridized DNA duplex molecules that can serve as

targets for protein binding- or other assays. In addition, oligonucleotide priming of second

nucleic acid strand synthesis obviates the need for covalent linkage ofcomplementary

regions, with the effect of reducing extraneous sequence or non-nucleic acid material &om

5 the array, as well as eliminating steps of designing and synthesizing such a linker.

Further features and advantages of the invention will become more fully apparent

in the following description of the embodiments and drawings thereof, and fi-om the

claims.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 presents a schematic summary of light-directed DNA synthesis.

Figure 2 presents a photomicrograph ofa fluorescently-labeled array of

bimolecular, double-stranded DNA molecules on a silica chip.

Figure 3 presents confocal argon laser scanning to detect fluorescently-labeled,

15 surface-bound nucleic acid molecules.

Figure 4 presents Rsal digestion of a fluorescently-labeled anray ofbimolecular,

double-stranded DNA molecules on a silica chip.

Figure 5 presents binding ofGreen Fluorescent Protein to an array of bimolecular,

double-stranded DNA molecules on a silica chip, and confocal argon laser scanning to

20 detect the bound protein.

DESCRIPTION OF THE INVENTION

Double-Stranded Protein Arrays According to the Invention

The invention is based on double-stranded nucleic acid molecule protein arrays,

25 wherein at least two double-stranded nucleic acid molecules contain one or more - -

recognition sites within a nucleic acid sequence for a protein, such that a recognition site

within a nucleic acid sequence of a first member ofthe array is dififCTcnt bom a

recognition site within a nucleic acid sequence of a second member ofthe array.

Described below is how to prepare an array of immobilized first strands, how to

30 prepare and/or design a primer useful according to the invention, how to prime synthesis

of a second strand that is complementary to- and duplexed with the first array-bound

strand, how to incorporate a sequence specifying a recognition site within a nucleic acid

sequence for a protein, and how to bind a protein thereto.

16
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Nucleic acid arrays of the invention are prepared as described herein below in the

section entitled "Bimolecular Double Stranded Nucleic Acid Arrays".

The nucleic acid array is prepared using nucleic acid sequences containing

recognition sites within a nucleic acid sequence for a protein or proteins.

Proteins and Recognition Sequences Therefor Useful According to the Invention

A recognition site within a nucleic acid sequence for a protein useful according to

the invention may be based on a naturally-occurring DNA sequence or synthetic

(modified) version of such a sequence which is ofhigher or lower affinity for a given

protein than is a corresponding natural sequence. Recognition sites within a nucleic acid

sequence for a protein useful according to the invention include, but are not limited to, the

following E.coli recognition sites within a nucleic acid sequence for proteins which bind

DNA:

Gene Encoding Protein Recognition Site for a Protein (Uppercase = base

most frequently observed at that

position)

FadR ATCTGGTACGACCAGAT [SEQIDNO: 3]

Ada AAAGCGCA

Cip aaaTGTGAtct agaTCACAttt [SEQIDNO: 4]

HsdM AAC(nj)GTGC [SEQIDNO: 5]

HsdR AAC(n«)GTGC [SEQIDNO: 5]

CI_434 ACAAtatataTTGT [SEQIDNO: 6]

Cro_434 ACAAtatataTTGT [SEQIDNO: 6]

TrpR ACTAgtt

Lrp AgaATwnwATtcT [SEQIDNO: 7]

Metr AGACGTCT

Mall ATAAAac gtTTTAT [SEQIDNO: 8]

Fnr aTTGATiui niiATCAAt [SEQIDNO: 9]

OxyR ATyG(n.)CrAT [SEQIDNO: 10]

RpoH32 ccccc(n„)cccc [SEQIDNO: 11]

RafR cCGAAAc gTTTCGg [SEQIDNO: 12]

Dcm CCWGG

NhaR cgcaitattcaygytgrtgat [SEQIDNO: 13]

RpoN54 ctggc (n,) ngca [SEQIDNO: 14]

17
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PhoB

Fur

Dam

DnaB

5 SoxS

MalT

GalR

RpoS38

LexA

10 EbgR

Cljam

Crojam

HipB

MetR

15 FruR

ArgR

NtrC

TyrR

DicA

20 DicC

AraC

DnaA

RpoD70

CytR

25 IlvY

C2_lam

Lad

DeoR

KorB

30 HimA

GlpR
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CTkTCATAwAwCTGTCAy

GAAAATAATTCTTATTTCG

GATC

GATCTnTTnTTTT

GCAC(nOCAA

GGAKGA

gTGTAAnc gnTTACAc

gttaag(n„)cgtcc

taCTGTatat atatACAGta

tAGTAAaa n ttTTACTa

tATCACcg n gcGTGATa

tATCACcg n gcGTGATa

TATCC(N,)GGATA

TGAA(n5)TTCA

TGAAAC GTTTCA

tGAATan ntATTCa

TGCACCww nww GGTGCA

TGTAAA(N^TTTACA

TGTTAnGyyA TnCnTAACA

TGTTAnGyyA TnCnTAACA

TnTGGAC(iVi)GCTA

TTATCCACA

ttgaca(n,j.„)tataat [SEQ ID NO: 32, 33 and 34]

tTGAwCnnGwTCAt [SEQ ID NO: 35]

TTGC (n^ GCAA [SEQ ID NO: 36] -
-

TTGC(nj)TTGC [SEQ ID NO: 37]

tTGTGAgc(no.,)gcTCACAa [SEQ ID NO: 38 and 39]

tTGTTAgaattcTAACAa [SEQ ID NO: 40]

TTTAGC n GCTAAA [SEQ ID NO: 41]

WATCAANNNNTTR [SEQ ID NO: 42]

wATGTTCGwTAwCGAACATw [SEQ ID NO: 43]

18

[SEQ ID NO: 15]

[SEQ ID NO: 16]

[SEQ ID NO: 17]

[SEQ ID NO: 18]

[SEQ ID NO: 19]

[SEQ ID NO: 20]

[SEQ ID NO: 21]

[SEQ ID NO: 22]

[SEQ ID NO: 23]

[SEQ ID NO: 23]

[SEQ ID NO: 24]

[SEQ ID NO: 25]

[SEQ ED NO: 26]

[SEQ ID NO: 27]

[SEQ ID NO: 28]

[SEQ ID NO: 29]

[SEQ ID NO: 30]

[SEQ ID NO: 30]

[SEQ ID NO: 31]
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Tsfiir>in Acid/Protein Array Assays

Assays according to the invention include incubation of a nucleic acid array

(produced as described below) with a protein, wherein the nucleic acid member molecules

of the array comprise at least two recognition sites for a protein, such that a recognition

5 site for a protein of a first member of the array is different from a recognition site for a

protein of a second member of the array. The buffer used in the assay is generally any

physiological buffer which does not resuh in denaturation ofthe protein; for example, a

no-salt or low-salt buffer at neutral pH. Such a buffer might include 0-lM salt, 1*100mM
Tris-HCl, pH 8.0. The protein may be present in the buffer in the subpicomolar-to-

10 millimolar range, for example, in the micromolar-to-nanomolar range. The incubation is

performed at about physiological temperature for those proteins that are active at this

temperature, or may be performed at low temperature (O^C) using, for example, frost-

tolerant proteins of certain plants, or at very high temperatures (even up to 100**C) using

thermophilic proteins.

15 Double-Stranded Bimolecular Nucleic Add Arrays

I. Preparation of an Array ofTmmohilized First Nucleic Acid Strands

Synthesis of a nucleic acid array useful according to the present invention is a

bipartite process, which entails the production of a diverse array of single-stranded nucleic

acid molecules that are immobilized on the surface of a solid support matrix, followed by

20 priming and enzymatic synthesis of a second nucleic acid strand, comprising eitherRNA

or DNA. A highly preferred method ofcarrying out synthesis ofthe immobilized single-

stranded array is that of Lockhart, described in U.S. Patent No. 5,556,752 the contents of

which are herein incorporated by reference. Ofthe methods described therein, that which

is ofparticular use describes the synthesis ofsuch an array on the surface of a single solid

25 support having a plurality ofpreselected regions. A method whereby each chemically- - ^

distinct feature of the array is synthesized on a separate solid support is also described by

Lockhart. These methods, and others, are briefly simmiarized below.

The solid support may comprise biological, nonbiological, organic or inorganic

materials, or a combination of any of these. It is contemplated that such materials may

30 exist as particles, strands, precipitates, gels, sheets, tubing, spheres, containers, capillaries,

pads, slices, fihns, plates or slides. Preferably the solid support takes the form ofplates or

slides, small beads, pellets, disks or other convenient forms. It is highly preferred that at

least one surface of the support is substantially flat. The solid support may take on

19
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alternative surface configurations. For example, the solid support may contain raised or

depressed regions on which synthesis takes place. In some instances, the solid support -

will be chosen to provide appropriate light-absorbing characteristics. For example, the

support may be a polymerized Langmuir Blodgett fihn, functionalized glass, Si, Ge, GaAs,

5 GaP, SiOj, SiN4, modified silicon, or any one of a variety of gels or polymers such as

(poly)tetrafluoroethylene, (poly)vinylidendifluoride, polystyrene, polycarbonate, or

combinations thereof. Other suitable solid support materials may be used, and will be

readily apparent to those of skill in the art. Preferably, the surface of the solid support will

contain reactive groups, which could be caiboxyl, amino, hydroxyl, thiol, or the like.

10 More preferably, the surface will be optically transparent and will have surface Si-OH

fimctionalities, such as are found on silica surfaces.

According to the invention, a first nucleic acid strand is anchored to the solid

support by as little as an intermolecular covalent bond. Alternatively, a more elaborate

linking molecule may attach the nucleic acid strand to the support. Such a molecular

1 5 tether may comprise a surface-attaching portion which is directly attached to the solid

support. This portion can be bound to the solid support via caibon-caibon bonds using, for

example, supports having (poly)trifluorochloroethylene surfaces, or preferably, by

siloxane bonds (using, for example, glass or silicon oxide as the solid support). Siloxane

bonds with the surface ofthe support can be fonned via reactions of surface attaching

20 portions bearing trichlorosilyl or trialkoxysilyl groups. The surface attaching groups will

also have a site for attachment ofthe longer chain portion. It is contemplated that suitable

attachment groups may include amines, hydroxyl, thiol, and caiboxyl groups. Preferred

surface attaching portions include aminoalkylsilanes and hydroxyalkylsilanes. It is

particularly prefeired that the surface attaching portion ofthe spacer is selected bom the

25 group comprising bis(2-hydroxyethyl)-aminopropyltriethoxysilane, - -

2-hydroxyethylaminopropyltriethoxysiIane, aminopropyltriethoxysilane and

hydroxypropyltriethoxysilane.

The longer chain portion of the spacer can be any of a variety ofmolecules which

are inert to the subsequent conditions for polymer synthesis, examples ofwhich include:

30 aryi acetylene, ethylene glycol oligomers containing 2-14 monomer units, diamines,

diacids, amino acids, peptides, or combinations thereof. It is contemplated that the longer

chain portion is a polynucleotide. The longer chain portion which is to be used as part of

the spacer can be selected based upon its hydrophilic/hydrophobic properties to improve

20
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presentation of the double-stranded oligonucleotides to certain receptors, proteins or drugs.

It can be constructed ofpolyethyleneglycols, polynucleotides, alkylene, polyalcohol,

polyester, polyamine, polyphosphodiester and combinations thereof.

Additionally, for use in synthesis of the arrays of the invention, the spacer will

5 typically have a protecting group, attached to a functional group (i.e., hydroxyl, amino or

carboxylic acid) on the distal or terminal end ofthe chain portion (opposite the solid

support). After deprotection and coupling, the distal end is covalently bound to an

ohgomer.

As used in discussion of the spacer region, the term "alkyl" refers to a saturated

10 hydrocarbon radical which may be straight -chain or branced-chain (for example,

ethyUsopropyl, t-amyl, or 2,5-Odimethylhexyl). When "alkyl" or "alkylene" is used to

refer to a linking group or a spacer, it is taken to be a group having two available valences

for covalent attachment, for example, -CH2CH2-, ~CH2CH2CH2~, .-

CH2CH2CH(CH3)CH2- "CH2(CH2CH2)2CH2-. Preferred alkyl groups as substitutents

15 are those containing 1 to 10 carbon atoms, with those containing 1 ato 6 carbon atoms

being particularly preferred. Preferred alkyl or alkylene groups as linking groups are those

containing 1 to 20 carbon atoms, with those containing 3 to 6 carbon atoms being

particularly preferred. The term "polyethylene glycol" is used to refer to those molecules

which have repeating units of ethylene glycol, for example, hexaethylene glycol (HO-

20 (CH2CH20)5-CH2(CH2CH2OH). When the term ^polyethylene glycol" is used to refer to

linking groups and spacer groups, it would be understood by one of skill in the art that

other polyethers ofpolyols could be used as well (i.e., polypropylene glycol or mistures of

ethylene and propeylene glycols).

The term "protecting group", as used herein, refers to any ofthe groups which are

25 designed to block one reactive site in a molecule while a chemical reaction is carried out at

another reactive site. More particularly, the protecting groups used herein can be any of

those groups described in Greene et al, 1991, Protective fimupfs Tn Organic rhemistry
j

2nd Ed., John Wiley & Sons, New York, N.Y. incorporated herein by reference. The

proper selection ofprotecting groups for a particular synthesis will be governed by the

30 overall methods employed in the synthesis. For example, in "light-directed" synthesis,

discussed below, the protecting groups will be photolabile protecting groups, e.g. NVOC

and MeNPOC. In other methods, protecting groups may be removed by chemical methods

and include groups such as FMOC, DMT and others known to those of skill in the art.

21

SUBSTITUTE SHEET (RULE 26)



wo 99/1951 0 PCT/US98/16686

a Nucleic Acid Arrays on a Single Support

1. Light-directed methods

Where a single solid support is employed, the oligonucleotides of the present

invention can be formed using a variety of techniques known to those skilled in the art of

5 polymer synthesis on solid supports. For example, "light-directed" methods, techniques in

a family of methods known as VLSIPS*^^ methods, are described in U.S. Patent No.

5,143,854 and U.S. Patent No. 5,510,270 and U.S. Patent No. 5,527,681, which are herein

incorporated by reference. These methods, which are illustrated in Figure 1 (adapted from

Pease et al., 1994, Proc. Natl. Acad. Sci IT S A^ 91: 5022-5026), involve activating

10 predefined regions of a solid support and then contacting the support with a preselected

monomer solution. These regions can be activated with a light source, typically shown

through a mask (much in the manner ofphotolithography techniques used in integrated

circuit fabrication). Other regions of the support remain inactive because illumination is

blocked by the mask and they remain chemically protected. Thus, a light pattern defines

15 which regions ofthe support react with a given monomer. By repeatedly activating

different sets of predefined regions and contacting different monomer solutions with the

support, a diverse array ofpolymers is produced on the support. Other steps, such as

washing unreacted monomer solution from the support, can be used as necessary. Other

applicable methods include mechanical techniques such as those described in PCT No.

20 92/10183, U.S. Pat No. 5,384,261 also incorporated herein by reference for all purposes.

Still further techniques include bead based techniques such as those described in PCT

US/93/04145, also incorporated herein by reference, and pin based methods such as those

described in U.S. Pat. No. 5,288,514, also incorporated herein by reference.

The VLSIPS^^ methods are preferred for making the compounds and arrays ofthe

25 present invention. The surface of a solid support, optionally modified with spacers having-

photolabile protecting groups such as NVOC and MeNPOC, is illuminated through a

photolithognqjhic mask, yielding reactive groups (typically hydroxyl groups) in the

illuminated regions. A 3'-0-phosphoramidite activated deoxynucleoside (protected at the

5*-hydroxyl with a photolabile protecting group) is then presented to the surface and

30 chemical coupling occurs at sites that were exposed to light. Following capping and

oxidation, the support is rinsed and the surface illuminated through a second mask, to

expose additional hydroxyl groups for coupling. A second 5 -protected,

3*-0-phosphoramidite activated deoxynucleoside is presented to the surface. The selective
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photodeprotection and coupling cycles are repeated until the desired set of

oligonucleotides is produced. Alternatively, an oligomer of from, for example, 4 to 30 -

nucleotides can be added to each of the preselected regions rather than synthesize each

member one nucleotide monomer at a time.

5 2. Flow Channel or Spotting Methods

Additional methods applicable to anray synthesis on a single support are described

in U.S. Patent No. 5,384,261, incorporated herein by reference for all purposes. In the

methods disclosed in these applications, reagents are delivered to the support by either (1)

flowing within a chaimel defmed on predefined regions or (2) "spotting" on predefined

10 regions. Other approaches, as well as combinations of spotting and flowing, may be

employed as well. In each instance, certain activated regions of the support are

mechanically separated fix)m other regions when the monomer solutions are delivered to

the various reaction sites.

A typical "flow channel" method ^piied to arrays of the present invention can

15 generally be described as follows: Diverse polymer sequences are synthesized at selected

regions of a solid support by forming flow channelis on a surface ofthe support through

which appropriate reagents flow or in which appropriate reagents are placed. For example,

assume a monomer "A" is to be bound to the support in a first group of selected regions.

Ifnecessary, all or part ofthe surface ofthe support in all or a part of the selected regions

20 is activated for binding by, for example, flowing appropriate reagents through all or some

ofthe channels, or by washing the entire support with appropriate reagents. After

placement of a channel block on the surface of the support, a reagent having the monomer

A flows through or is placed in all or some ofthe chaimel(s). The channels provide fluid

contact to the first selected regions, thereby binding the monomer A to the support directly

25 or indirectly (via a spacer) in the first selected regions. - -

Thereafter, a monomer B is coupled to second selected regions, some ofwhich

may be included among the first selected regions. The second selected regions will be in

fluid contact with a second flow channel(s) through translation, rotation, or replacement of

the channel block on the siurface ofthe support; through opening or closing a selected

30 valve; or through deposition of a layer ofchemical or photoresist. Ifnecessary, a step is

performed for activating at least the second regions. Thereafter, the monomer B is flowed

through or placed in the second flow channel(s), binding monomer B at the second

selected locations. In this particular example, the resulting sequences bound to the support
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at this stage ofprocessing will be, for example, A, B, and AB. The process is repeated to

forai a vast array of sequences of desired length at known locations on the support.

After the support is activated, monomer A can be flowed through some of the

channels, monomer B can be flowed through other channels, a monomer C can be flowed

5 through still other channels, etc. In this manner, many or all of the reaction regions are

reacted with a monomer before the channel block must be moved or the support must be

washed and/or reactivated. By making use ofmany or all of the available reaction regions

simultaneously, the number ofwashing and activation steps can be minimized.

One of skill in the art will recognize that there are altemative methods of forming

10 channels or otherwise protecting a portion of the surface of the support. For example, a

protective coating such as a hydrophilic or hydrophobic coating (depending upon the

nature ofthe solvent) is utilized over portions of the support to be protected, sometimes in

combination with materials that facilitate wetting by the reactant solution in other regions.

In this manner, the flowing solutions are further prevented from passing outside of their

15 designated flow paths.

The "spotting" methods ofpreparing compounds and arrays of the present

invention can be implemented in much the same manner A first monomer. A, can be

delivered to and coupled with a first group ofreaction regions which have been

appropriately activated. Thereafter, a second monomer, B, can be delivered to and reacted

20 with a second group of activated reaction regions. Unlike the flow channel embodiments

described above, reactants are delivered in relatively small quantities by directly

depositing them in selected regions. In some steps, the entire support surface can be

sprayed or otherwise coated with a solution, if it is more efficient to do so. Precisely

measured aliquots ofmonomer solutions may be deposited dropwise by a dispenser that

25 moves bom region to region. Typical dispensers include a micropipette to deliver the .

monomer solution to the support and a robotic system to control the position of the

micropipette with respect to the support, or an ink-jet printer. In other embodiments, the

dispenser includes a series oftubes, a manifold, an array ofpipettes, or the like so that

various reagents can be delivered to the reaction regions simultaneously.

30 3. Pin-Based Methods

Another method which is useful for the preparation of the immobilized arrays of

single-stranded DNA molecules X of the present invention involves "pin-based synthesis."

This method, which is described in detail in U.S. Patent No. 5,288,514, previously
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incorporated herein by reference, utilizes a support having a pluraHty of pins or other

extensions. The pins are each inserted simultaneously into individual reagent containers in

a tray. An array of 96 pins is commonly utilized with a 96-container tray, such as a 96-

well microtitre dish.

reaction on an individual pin. Accordingly, the trays will often contain different reagents.

Since the chemical reactions have been optimized such that each of the reactions can be

performed under a relatively similar set of reaction conditions, it becomes possible to

conduct multiple chemical coupling steps simultaneously. The invention provides for the

10 use of support(s) on which the chemical coupling steps are conducted. The support is

optionally provided with a spacer, S, having active sites. In the particular case of

oligonucleotides, for example, the spacer may be selected from a wide variety of

molecules which can be used in organic environments associated with synthesis as well as

aqueous environments associated with binding studies such as may be conducted between

15 the nucleic acid members of the array and other molecules. These molecules include, but

are not limited to, proteins (or fragments thereof), lipids, carbohydrates, proteoglycans and

nucleic acid molecules. Examples of suitable spacers are polyethyleneglycols,

dicarboxylic acids, polyamines and alkylenes, substituted with, for example, methoxy and

ethoxy groups. Additionally, the spacers will have an active site on the distal end. The

20 active sites are optionally protected initially by protecting groups. Among a wide variety

ofprotecting groups which are useful are FMOC, BOC, t-butyl esters, t-butyl ethers, and

the like.

25 some embodiments, the spacer may provide for a cleavable function by way of, for _ ,

example, exposure to acid or base,

b. Arraysjon Multiple Supports

Yet another method which is useful for synthesis ofcompounds and arrays ofthe

present invention involves "bead based synthesis." A general approach for bead based

30 synthesis is described in PCT/US93/04145 (filed Apr. 28, 1993), the disclosure ofwhich is

incorporated herein by reference.

For the synthesis of molecules such as oligonucleotides on beads, a large plurality

of beads are suspended in a suitable carrier (such as water) in a container. The beads are

5 Each tray is filled with a particular reagent for coupling in a particular chemical

1989,
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provided with optional spacer molecules having an active site to which is complexed,

optionally, a protecting group.

At each step ofthe synthesis, the beads are divided for coupling into a plurality of

containers. After the nascent oligonucleotide chains are deprotected, a different monomer

5 solution is added to each container, so that on all beads in a given container, the same

nucleotide addition reaction occurs. The beads are then washed of excess reagents, pooled

in a single container, mixed and re-distributed into another plurality of containers in

preparation for the next roimd of synthesis. It should be noted that by virtue of the large

number of beads utilized at the outset, there will similarly be a large number of beads

10 randomly dispersed in the container, each having a unique oligonucleotide sequence

synthesized on a surface thereof after numerous rounds ofrandomized addition of bases.

As pointed out by Lockhart (U.S. Patent No. 5,556,752) an individual bead may be tagged

with a sequence which is unique to the double-stranded oligonucleotide thereon, to allow

for identification during use.

15 n. Preparation of Oligonuclentide Pnmftrg

Oligonucleotide primers useful to synthesize bimolecular arrays are single-stranded

DNA or RNA molecules that are hybridizable to a nucleic acid template to prime

enzymatic synthesis of a second nucleic acid strand. The primer may therefore be of any

sequence composition or length, provided it is complementary to a portion of the first

20 strand.

It is contemplated that such a molecule is prepared by synthetic methods, either

chemical or enzymatic. Alternatively, such a molecule or a fragment thereofmay be

naturally occurring, and may be isolated from its natural source or purchased from a

commercial supplier. It is contemplated that oligonucleotide primers employed in the

25 present invention will be 6 to 1 00 nucleotides in length, preferably from 1 0 to 30

nucleotides, although oligonucleotides of different length may be appropriate.

Additional considerations with respect to design of a selected primer relate to

duplex formation, and are described in detail in the following section.

III. Primed Enzymatic Second^Strand Nucleic Acid Synthesijs to form a Double>Stranded

30 Array

Of central importance in carrying out preparation of a bimolecular array is selective

hybridization ofan oligonucleotide primer to the first nucleic acid strand in order to permit

enzymatic synthesis of the second nucleic acid strand. Any of a number of enzymes well
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known in the art can be utilized in the synthesis reaction. Preferably, enzymatic synthesis

of the second strand is performed using an enzyme selected from the group comprising ,

DNA polymerase I (exo^'^ Klenow fragment), T4 DNA polymerase, T7 DNA polymerase,

modified T7 DNA polymerase, Taq DNA polymerase, exo^"^ vent DNA polymerase, exo*"^

5 deep vent DNA polymerase, reverse transcriptase and RNA polymerase.

Typically, selective hybridization will occur when two nucleic acid sequences are

substantially complementary (typically, at least about 65% complementary over a stretch

of at least 14 to 25 nucleotides, preferably at least about 75%, more preferably at least

about 90% complementary). See Kanehisa, M., 1984, Nucleic Acids Res 12: 203,

10 incorporated herein by reference. As a result, it is expected that a certain degree of

mismatch at the priming site can be tolerated. Such mismatch may be small, such as a

mono-, di- or tri-nucleotide. Alternatively, it may encompass loops, which we define as

regions in which mismatch encompasses an uninterrupted series of four or more

nucleotides. Note that such loops within the oligonucleotide priming site are encompassed

15 by the present invention; however, the invention does not provide double-stranded nucleic

acids that comprise loop structures between the 5* end of the first strand and the 3* end of

the second strand. In addition, loop structures outside the priming site, but which do not

encumber the 5' end of the first strand or the 3' end of the second strand are not provided

by the present invention, since there is no known mechanism for generating such

20 structures in the course of enzymatic second-strand nucleic acid synthesis. Both the 5* end

of the first strand and the 3' end of the second strand must be firee of attachment to each

other via a continuous single strand.

Either strand may comprise RNA or DNA. Overall, five factors influence the

efficiency and selectivity of hybridization of the primer to the immobilized first strand.

25 These factors are (i) primer length, (ii) the nucleotide sequence and/or composition, (iiij .

hybridization temperature, (iv) buffer chemistry and (v) the potential for steric hindrance

in the region to which the probe is required to hybridize.

There is a positive correlation between primer length and both the efficiency and

accuracy with which a primer will aimeal to a target sequence; longer sequences have a

30 higher T^ than do shorter ones, and are less likely to be repeated within a given first

nucleic acid strand, thereby cutting down on promiscuous hybridization. Primer

sequences with a high G-C content or that comprise palindromic sequences tend to self-

hybridize, as do their intended target sites, since unimolecular, rather than bimolecular,
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hybridization kinetics are genererally favored in solution; at the same time, it is important

to design a primer containing sufficient numbers of G-C nucleotide pairings to bind the .

target sequence tightly, since each such pair is bound by three hydrogen bonds, rather than

the two that are found when A and T bases pair. Hybridization temperature varies

5 inversely with primer annealing efficiency, as does the concentration of organic solvents,

e.g. formamide, that might be included in a hybridization mixture, while increases in salt

concentration facihtate bindmg. Under stringent hybridization conditions, longer probes

must be used, while shorter ones will suffice under more permissive conditions. Stringent

hybridization conditions will typically include salt concentrations of less than about IM,

10 more usually less than about 500 mM and preferably less than about 200 mM.

Hybridization temperatures can be as low as 5 °C, but are typically greater than 22 ""C,

more typically greater than about 30°C, and preferably in excess of about ST'^C. Longer

fragments may require higher hybridization temperatures for specific hybridization. As

several factors may affect the stringency ofhybridization, the combination ofparameters is

1 S more important than the absolute measure ofany one alone.

Primers must be designed with the above first four considerations in mind. While

estimates ofthe relative merits ofnumerous sequences can be made mentally, computer

programs have been designed to assist in the evaluation ofthese several parameters and

the optimization ofprimer sequences. Examples of such programs are "PrimerSelect" of

20 the DNAStar™ software package (DNAStar, Inc.; Madison, WI) and OLIGO 4.0 (National

Biosciences, Inc.). Once designed, suitable oligonucleotides may be prepared by the

phosphoramidite method described by Beaucage and Carruthers, 1981, Tetrahedron Lett.,

22: 1 8S9- 1 862, or by the triester method according to Matteucci et al., 198 1 , J. Am.

Chem. Soc , 103: 31 85, both incorporated herein by reference, or by other chemical

25 methods using either a commercial automated oligonucleotide synthesizer or VLSDPS^^ ^

technology (discussed in detail below).

The fifth consideration, steric hindrance, is one that was ofparticular relevance to

the development ofthe invention disclosed herein. While methods for the primed,

enzymatic synthesis of second nucleic acid strands fix>m immobilized first strands are

30 known in the art (see Uhlen, U.S. Patent No. 5,405,746 and Utermohlen, U.S. Patent No.

5,437,976), the present method differs in that the priming site, as determined by the

location of the 3' end ofthe first strand (X), is adjacent to the surface of the solid support.

In a typical silica-based chip airay, made as per Lockhart (U.S. Patent No. 5,556,752), a
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20 fxm' region carries approximates 4x10^ functional copies of a specific sequence, with

an intermolecular spacing distance of about 100 A (Chee et al., 1996, Science, 274: 610:

614). As a result, it is necessary that the oligonucleotide primer hybridize efficiently to an

anchored target in a confined space, and that synthesis proceed outward fi^om the support.

5 In the above-referenced disclosures, it is the 5' end of the first oligonucleotide strand

which is linked to the matrix; therefore, priming of the fi-ee end of that molecule is

permitted, and second-strand extension proceeds toward the solid support. Under the

circumstances, significant uncertainty existed as to whether oligonucleotide priming of the

end of the first strand proximal to the solid support would occur at a sufficiently high

10 firequency to yield a high-density double-stranded nucleic acid array.

FXAMPT.K 1

This example illustrates the general synthesis of an array ofbimolecular,

double-stranded oligonucleotides on a solid support which arrays, such as may comprise

recognition sites for a protein or proteins,

15 As a first step, single-stranded DNA molecules were synthesized on a solid support

using standard light-directed methods (VLSIPS™ protocols), as as described above, using

the method of Lockhart, U.S. Patent No. 5,556,752, the contents ofwhich incoporated

above by reference.

Hexaethylene glycol (PEG) linkers were used to covalently attach the synthesized

20 oligonucleotides to the derivatized glass surface. A heterogeneous array of linkers was

formed such that some sectors of the silica chip had linkers comprising two PEG linkers,

while other sectors bore linkers comprising a single PEG molecule (Figure 2). In addition,

the intermolecular distance between linker molecules (and, consequently, nascent nucleic

acid strands) was varied such that for either length of linker and for each of the 9,600

25 distinct molecular species synthesized, were 15 different chip sectors representing the

following range of strand densities. These densities, expressed as the percent of total

anchoring sites occupied by nucleic acid molecules, are shown in Table 1

.
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lahlfiJ.

% of sites filled % of sites filled, cont'd. % of sites filled, cont'd.

0.4 25.0 69.1

1.6 31.5 75.8

3.1 39.7 83.1

6.2 50.0 91.2

12.5 63.0 100.0

10 Synthesis of the first strand proceeded one nucleotide at a time using repeated cycles of

photo-deprotection and chemical coupling ofprotected nucleotides. The nucleotides each

had a protecting group on the base portion of the monomer as well as a photolabile

MeNPoc protecting group on the 5* hydroxyl. Note that each of the different molecular

species occupies a different physical region on the chip so that there is a one-to-one

15 correspondence between molecular identity and physical location. Moving outward from

the chip, the sequence of each molecule proceeds from its 3' to its 5' end (the 3* end ofthe

DNA molecule is attached to the solid surface via a silyl group and 2 PEG linkers), as is

the case when chemical synthetic methods are utilized.

Second strand synthesis, as stated above, requires priming ofa site at the 3' end of

20 the first nucleic acid strand, followed by enzymatic extension of the primed sequence.

DNA polymerase I (exo*'^ Klenow fragment) was employed in this experiment, although

numerous other enzymes, as discussed above, may be employed advantageously. This

particular enzyme is optimally active at ZT'C; therefore, two priming sites and the

corresponding complementary primers were designed that were predicted to bind

25 efficiently and yet exhibit a minimum of secondary structure at that temperature according

to calculations performed by the DNAStar "PriraerSelect" computer program, which was

employed for this purpose. The sequences of these primers were as follows:

Is 5'-TCCACACTCTCCAACA-3* [SEQIDNO: 1] (estimated T^ =

36.8"C)

30 2s 5'~GGACCCTTTGACTTGA~3' [SEQIDNO: 2] (estimated T^ =

38.7°C)

Note that the optimal reaction temperature varies considerably among polymerases. Also
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of use according to the methods of the invention are exo*'^ vent DNA polymerase and exo^'^

deep vent DNA polymerase (both commercially available from New England Biolabs, ,

Beverly, MA), which are optimally active at ll^'C and approximately 30% active at 50°C,

according to the manufacturer. Were these enzymes used instead, longer primer

5 sequences, or those with a higher G-C content, would have to have been employed.

In the case ofthe synthesis presented in Figure 2, primer S 1 [SEQ ID NO: 1 ] was

used. The reaction conditions were as follows:

Prehybridization of chip: 0.005% Triton X-100, 0,2 mg/ml acetylated bovine

serum albumin (BSA), 10 mM Tris-HCl (pH 7.5), 5 mM MgClj and 7.5 mM dithiothreitol

10 (DTT) at 37 °C for 30 to 60 minutes on a rotisserie.

Second-strand primer extension and fluorescein labeling: 0.005% Triton, 10 mM
Tris-HCl (pH 7.5), 5 mM MgClj, 7.5 mM DTT, 0.4mM dNTP's, 0.4 ^M primer, 0.04

U///1 DNA Polymerase I (3' to 5' exo^'^ Klenow fragment, New England Biolabs, Beverly,

MA) and 0.0004 mM of fluorescein- 12-labeled dATP at 37°C for 1 to 2 hours on a

15 rotisserie, followed by a wash in 0.005% Triton X-100 in 6x SSPE at room temperature.

(Note that an alternate labeling procedure, not used in the experiment presented in this

Example, is one in which unlabeled extension is perfonned, followed by labeled primer

extension using terminal deoxynucleotide transferase. This reaction takes place as

follows: 0.005% Triton X-100, 10 mM Tris acetate, pH 7.5, 10 mM magnesium acetate,

20 50 mM potassiimi acetate, 0.044 U//^l terminal transferase and 0.014 mM of any

fluorescein- 12-labeIed dideoxynucleotide at 37°C for 1-2 hr. on a rotisserie, followed by a

wash in 0.005% Triton X-100 in 6x SSPE at room temperature.)

To confirm that second-strand synthesis had taken place, the chip was scanned

under a layer ofwash buffer for fluorescence in an argon laser confocal scanner (see U.S.

25 Patent No. 5,578,832). This device exposes the molecules ofthe array to irradiation at a ^

wavelength of488 nanometers, which excites electrons in the fluorescein moiety, resulting

in fluorescent emissions, which are then recorded at each position ofthe chip (Figure 3).

Since the first strand was unlabeled, the efficiency of second-strand synthesis can be

measured. The result is shown in Figure 2, where various sectors of the chip fluoresce

30 with different intensities, in proportion both to strand density and to the proportion of

dATP residues in the second strand.

Further confiimation of successful second-strand synthesis was gained from a

biochemical assay ofthe chip. According to the first-strand synthesis procedure, several
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sectors of the chip were designed such that the several unique sequences synthesized at

those positions contained a 4 base motif which, when double-stranded, would form a

recognition site for the endonuclease Rsal, The chip was digested in Rsal, using the

manufacturer's recommended incubation conditions. Upon re-scanning of the chip in the

5 argon laser scanner, a dark area appeared. This can be seen in Figure 2, and is shown in

detail in Figure 4. Since the ability of the enzyme to cleave the sequence from the chip is

dependent upon the sequence being double-stranded, synthesis, at least to the point of the

Rsal recognition site, must have occurred.

In addition to providing evidence of successful second-strand synthesis, cleavage

10 ofdouble-stranded nucleic acid molecules from the solid support with Rsal demonstrates

that members of the array are accessible to proteins in solution, a requirement if the arrays

of the invention are to be usefiil in carrying out assays ofprotein/DNA interactions.

EXAMPLE 2

Tsolation ofproteins which bind a candidate recognitinn site for a protein of an array

15 An array of double-stranded nucleic acid molecules is made as described in

Example 1, comprising test nucleic acid sequences ofunknown protein-binding

characteristics that are a) chosen because comparative sequence analysis or functional

studies of a gene promoter implicates them as gene regulatory elements or b) generated de

novo for use according to the invention. Alternatively, nucleic acid sequences that have

20 been found to bind at least one known protein are used (see Example 3, below); a number

ofrecognition sites for known proteins are listed above.

After nucleic acid synthesis, a sample comprising a plurality of protein molecules

is incubated with the array under conditions under which permit protein:nucleic acid

binding, as described above; such conditions may be relatively stringent (high salt -

25 approximately IM) or, if proteins are to be recovered which might bind recognition sites ,

for a protein or proteins in vivo that are related (but not identical) to sequences comprised

by features of the array, lower salt concentrations (0 to lOOmM) are used. Unbound

protein molecules are then washed away. Bound proteins are eluted from the array using

a high salt buffer, and transferred to a suitable storage buffer either through dialysis

30 against- or precipitation and resuspension in such a buffer. Proteins are separated by any

chromatographic procedure known in the art, e.g. two-dimensional gel electrophoresis, and

then sequenced, also by standard methods, such as by mass spectrometry (e.g., liquid

chromatography/electrospray ionization/ion trap tandem mass spectrometry) or Edman
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degradation.

Following identification of the bound proteins, their relative affinities for the

recognition sites for a protein or proteins are, if desired, assayed singly by binding them to

chips or chromatography supports to which are complexed oligonucleotides representing

5 isolated sequences of the array and eluting them off in buffers of gradually increasing

ionic strength; binding affinity is directly proportional to the salt concentration required to

remove a given protein from a nucleic acid molecule. Alternatively, such binding

affinities may be determined as described below in Example 7.

RXANfPT.F ^

to As«ft*g«"^eTit of factors which influence binding of a protein to a recognition site for a .

protein

In addition to changes in salt concentration in an in vitro system (which do not

normally reflect conditions which would occur in vivo), it is desirable to examine factors

which might, in a living system, influence or be made to influence nucleic acid/protein

15 interactions. This method is applicable if it is advantageous to inhibit binding of a protein

to a particular recognition site for a protein in order to nullify its influence (appropriate or

otherwise) on a given gene; alternatively, one might attempt to promote binding ofsuch a

protein to the cw-regulatoiy sequence of a gene for which the appropriate /rawj-regulatory

factor is absent or defective. Such a procedure, in which the affinity ofthe phage X 434

20 Cro protein for its cognate recognition site for a protein is examined, is described in this

example.

A X 434 Cro protein array is provided as follows:

In one embodiment of the invention, the DNA molecules referred to in Example 1

are synthesized so as to include the sequence ACAAtat ataTTGT [SEQ ID NO: 6], which

25 specifies the recognition site for the A 434 Cro protein. _ ,

k 434 Cro protein is provided as described in the prior art, and is brought to a

concentration of approximately 100 nM in 10 mM NaCl, 50 mM Tris-HCl, pH 8.0, and

incubated on the nucleic acid array made according to the invention (as described above)

for approximately 5 minutes at 37 °C.

30 The X 434 Cro nucleic acid/protein array is used according to the invention in

several ways:

a) Binding affinities of other mutant Cro proteins, relative to X 434 Cro, may be

determined by binding labeled X 434 Cro to the array in competition either with unlabeled
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A 434 Cro (as a control) or the mutant test protein, also unlabeled. The degree to which

each protein is able to prevent binding of labeled A 434 Cro to the nucleic acid molecules

of the array is indicative of its binding strength relative to that of A. 434 Cro, as judged by

the amount of label which is detected on the array after unbound proteins are washed off.

5 The amount of label present is inversely proportional to the affinity of the test protem for

the recognition site for the X 434 Cro protein.

b) The relative binding affinities of X 434 Cro protein for mutant recognition sites

for the A. 434 Cro protein are tested by incubating an array produced as above (wherein the

k 434 Cro protein molecules are, additionally, labeled) with double-stranded

10 oligonucleotides comprising the mutant sites for A 434 Cro protein. The amount of label

present on the array is quantified both before incubation and after the oligonucleotides are

washed away; the difference in label still attached to the array relative to a comparably-

treated control in which no competitor or a non-specific competitor (such as poly dI*dC or

a population ofrandom oligomers) is used is proportional to the affinity ofA 434 Cro

15 protein for the mutant recognition sites for A 434 Cro protein. Alternatively, both the

labeled A 434 Cro protein and the oligonucleotides are present together in a buffer in

which a nucleic acid array produced as described above is incubated. A control

incubation, containing no mutant oligonucleotides, is set up in parallel, and the amount of

labeled protein bound to each is quantified.

20 c) Inhibitors of the binding interaction between A 434 Cro protein and the

recognition site for A 434 Cro protein may be tested by either ofthe methods described in

a) and b). Candidate inhibitors include substances which directly compete with A 434 Cro

for its recognition site or that compete with that recognition site for binding to A 434 Cro

protein, such as other proteins with higher affinity for the recognition site for A 434 Cro

25 protein than that of A 434 Cro protein itselfor nucleic acid molecules comprising . *

engineered recognition sites for a protein for which A 434 Cro protein may have higher

affinity than it has for the native recognition site for A 434 Cro protein. Inhibitors which

indirectly prevent binding include proteins or other substances which may disrupt the

proper dimerization ofA 434 Cro protein, such as salts, enzymes (e.g. proteases, kinases,

30 phosphorylases, glycosylases) and other proteins with which it might form unproductive

dimers (either because one subunit lacks affinity for a half-site of the recognition site for A

434 Cro protein or because dimerization causes conformational changes in A 434 Cro

protein such that it is no longer functional)
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EXAMPLE 4

THftTitification of candidate members of a set of co-regulated genes using arrays of the .

invention

As in Example 2, an array of double-stranded nucleic acid molecules is made as

5 described in Example 1, comprising test nucleic acid sequences ofunknown protein-

binding characteristics that are a) chosen because comparative sequence analysis or

functional studies of a gene promoter implicates them as gene regulatory elements or b)

generated de novo for use according to the invention. Alternatively, nucleic acid

sequences that have been found to bind at least one known protein are used (see Example

10 3, above); recognition sites for a niunber ofknown proteins are listed above.

A protein complexed with a detectable label, such as a fluoresent tag or (as

described below in Example 7) Green Fluorescent Protein, is incubated with the array

under conditions which permit efficient protein/nucleic acid interactions, such as in a

physiological salt buffer (also, above) at room temperature. After unbound protein is

15 washed from the array, using physiological buffer minus protein as the wash solution, the

array is scanned to detect the presence of label. The identities ofrecognition sites for a

protein or proteins present on molecules of features ofthe array upon which label is

detected are noted. Nucleic acid databases are searched with these sequences. Genes in

whose regulatory regions such sequences appear, whether upstream or downstream of a

20 gene, in introns, or in the S' or 3' untranslated regions of its mature mRNA transcript, are

classified as being potentially under the control of the test protein in vivo. Iftwo or more

of such genes are uncovered, they are said to form a set of candidate co-regulated genes,

meaning that they may be under the control ofone or more ofthe same trans-regulatory

factors, resulting in a common expression profile, whether spatially or temporally. These

25 genes may then undergo functional analysis by methods known in the art (e.g. expression,

studies, such as Northern analysis, of each in a normal genetic background as well as in

one in which the test protein is mutated or absent) in order to confirm this supposition, if it

is so desired.

RXAMPT.R5

30 Nucleic acid/protein arrays comprising protein heterodimers

While a number of proteins will bind recognition sites for a protein as monomers

or as di- or multimeric units comprising a multiple copies ofa single polypeptide

sequence, others are able to bind only as heterogeneous aggregates, such as heterodimeric
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units. Recognition sites for a protein which are recognized by a heterodimer often lack the

dyad symmetry of nucleic acid sequence which is relatively common among recognition

sites for a protein to which protein homodimers bind. Typically, each monomer of a

protein dimer (whether a homo- or heterodimer) binds what is termed a "half site". Given

5 a protein which is known to bind a nucleic acid as part of a heterodimer and the sequence

of the half site to which it binds, it is possible to determine the range of partners with

which it might pair in order to bind a complete target sequence as follows:

An array of double-stranded nucleic acid molecules is prepared as described above,

wherein at least a portion of features of the array comprise a recognition site for a protein

10 wherein the half site recognized by the protein of interest (e.g., E. coli DBF) is fiised to a

random sequence, such that all oligonucleotide sequences of the chosen length (for

example, all hexamers or octamers) are represented on the array in order to fill the

remaining positions of the recognition sites for a protein or proteins on features thereof.

The test protein is labeled by methods known in the art (radioactively, fluorescently,

15 cbemiluminescently, chromogenically or using mass-tags) and then incubated with the

array in the presence of a pool of proteins comprising one or a plurality ofpotential

binding partners under conditions which permit protein dimerization and protein/nucleic

acid binding. After unbound protein is washed from the array, (he array is scanned in

order to detect bound label, as described above. Alternatively, an unlabeled test protein is

20 used and, after removal ofunbound protein from the array, an immunological detection

scheme is employed, in which a primary antibody specific for the test protein is first

applied, followed by a labeled secondary antibody specific for immunoglobulins ofthe

host species in which the primary antibody was produced. Such labeled secondary

antibodies are commercially available (for example, from Vector Laboratories;

25 Burlingame, CA). Methods for the production ofprimary antibodies against a test protpin*

ifsuch antibodies are not also commercially available, are well known in the art. The

sequences to which label is bound are noted; these sequences (the half site to which the

test protein binds in combination with the random half site to which a member ofthe

protein pool binds) are then used individually to isolate each ofthe binding partners in

30 sufficient quantities to permit protein sequencing. Oligonucleotides comprising the

recognition sites for a protein on which label is dectected are bound to a chromatography

matrix (such as cellulose) and placed in a column. A preparative amount (picomolar to

millimolar concentrations in microliter to milliliter volumes) ofthe test protein is
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incubated with an aliquot of protein comparable to that used in binding the array

(preferably, drawn from the same protein preparation) under identical buffer conditions,,

and the mixture is run over the colunm. After unbound protein is washed away» the bound

complexes are washed from the column in a high sah buffer. The dissociated subunits are

5 then separated chromatographically and the newly-isolated binding partner is sequenced,

again by standard methods.

In order to determine whether the results gathered in vitro by according to the

invention reflect a gene transcriptional mechanism that is found in Wvo, it is necessary

both to demonstrate that the test protein and a pairing partner isolated as described in this

10 example are co-expressed (that is, expressed together both temporally and spatially in an

organism) - if the two proteins do not co-exist in a cell, they cannot join to form a nucleic

acid binding complex - and that the recognition site for a protein to which site the

heteroduplex binds occurs in the genome of the organism, preferably, in association with a

transcriptional unit. In vivo functional studies involving a target gene comprising such a

15 recognition site for a protein are then performed; for example, production of each of the

two proteins is individually inhibited, for example with antisense RNA or a ribozyme

specific for the message encoding the protein, and the effect on the regulation of the target

gene is observed. The finding that both proteins are necessary for the proper expression of

the target gene provides strong, if circumstantial, evidence that the two components of the

20 heterodimer act in concert to regulate it.

EXAMPT.R 6

Nucleic acid/protein arrays comprising a chimeric protein hetemdimer test siihunit

The method described in Example 5, above, is well suited for the discovery of

heterodimeric pairing partners and their cognate recognition sites for a protein; however,

25 for each test protein for which pairing partners are sought, a new nucleic acid array must _

be synthesized, wherein the half site specific for the protein in question is incorporated

into every nucleic acid member in association with a spectrum ofrandom half-site

sequences, with each random half-site represented by members of a distinct feature, as

described above. Given the high cost of array design and synthesis, such a requirement

30 might prove prohibitively expensive in certain situations.

A typical monomer which may form part of a heterodimeric nucleic-acid-binding

complex is, itself, a bipartite structure, comprising a dimerization domain and a nucleic

acid binding domain (e.g. a DNA bmding domain, as defined above). Methods by which
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these subunits are separated from one another and recombined to form chimeric proteins

which retain their capacity to bind nucleic acids are well known in the art (for methods of

cloning, expression ofcloned genes and protein purification, see Sambrook et al., 1989,

Molecular Cloning. A Laboratory Manual,, 2nd Rdition
, Cold Spring Harbor Laboratory

5 Press, Cold Spring Harbor, NY; Ausubel et al., rurrent Pmtocnls in Molecular Biology
,

copyright 1987-1994, Current Protocols, copyright 1994-1998, John Wiley & Sons, Inc.).

Such chimeric proteins have played a significant role in the discovery of a number of gene

rran^-regulatory factors, e.g. via the interaction-trap scheme in yeast (Fields and Song,

1989, Nature, 340: 245-246). According to the present invention, the dimerization

10 domain of a protein for which pairing partners are sought is fiised to the nucleic acid

binding domain of a known protein, such as X 434 Cro. Nucleic acid airays are

synthesized as in Example 5, except that the half site recognized by X 434 Cro is used, and

the procedure of isolating, identifying and characterizing interactions involving candidate

pairing partners are performed, all as described above.

In the Examples above, proteins bound to recognition sites for a protein or proteins

present on nucleic acid molecules of arrays according to the invention are labeled using a

variety ofmethods known in the prior art; either they are labeled directly through covalent

linkage of radioactive, fluorescent, cherailuminescent or chromogenic substances or of

20 mass-tags, or indirectly via binding to labeled antibodies. The present invention

encompasses a procedure in which chimeric proteins, each comprising a DNA binding

domain fused in-frame to Green Fluorescent Protein (GFP), are produced by cloning, gene

expression and protein isolation methods well known in the art (see Sambrook et al., 1989,

supra) and incubated with nucleic acid arrays comprising recognition sites for a protein or

25 proteins produced according to the methods ofthe invention in order to determine a

consensus sequence of a recognition site for a given protein. Since a labeling efficiency of

100% is achieved using this scheme, the amount of fluorescence observed upon upon

scanning of the array with an argon laser scanner is directly proportional to the amount of

protein bound, not only for the determination of relative binding efficiencies of the protein

30 to different recognition sites for a protein or proteins present on an array of the invention

(as described above, using instead other labeling methods combined with a set ofbuffers

of graded salt concentration), but even from protein preparation to protein preparation,

allowing for accurate comparative quantitation ofthe binding efficiencies of different

15 EXAMPLE?
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proteins to features ofthe array, if it is so desired.

After washing away any unbound fusion protein, the support bearing the array is

,

scanned with the scanning confocal microscope (Figure 5); the intensity of fluorescence,

which is proportional to the amount ofprotein bound, is correlated with the sequences of

5 nucleic acid molecules, which are known at each position of the scanned surface. The

range of sequences to which a protein will bind, as well as the relative efficiency of

binding to each, can then be determined. In order to interpret the results, the only source

of fluorescence on the chip must be GFP; therefore, the nucleic acid molecules of the array

must be unlabeled. The strand extension reaction described above can, if desired, be

10 performed without the use of a fluorescent label; the reaction conditions are identical

except that the fluorescein-labeled dATP is omitted, along with the wash step, the purpose

of which is to remove unincorporated background fluorescence that ordinarily might

interfere with scanning.

15 USE

The present invention is useful for the production of accurate, high-density,

double-stranded nucleic acid arrays comprising recognition sites within a nucleic acid

sequence or sequences for a protein or proteins, as well as protein arrays thereof, the

sequences ofwhich recognition sites within a nucleic acid sequence for a protein can be

20 determined based upon physical location within the array. The protein arrays provided are

useful in a variety of screening or identification procedures. For example, the arrays are

useful for testing interactions between a protein and its corresponding recognition site

within a nucleic acid sequence for a protein on a nucleic acid molecule. Alternatively, the

arrays are useful for examining the effects on binding of a protein to its recognition site

25 within a nucleic acid sequence for a protein of interactions between the protein and a

second protein which binds that protein. The arrays also are useful for looking for any

nucleic acid seqeunce that is a substrate for a protein-directed enzymatic reaction, such as

is mediated by an enzyme including, but not limited to, a nuclease, or a nucleic acid

modification enzyme, or isomerase. The invention is also of use in identifying gene trans-

30 regulatory factors. The arrays also are useful for testing any one ofa number ofprotein- or

protein/nucleic acid-based biological interactions, such as those protein/protein

interactions that occur in signal transduction cascades involving molecules that include,

but are not limited to, kinases, proteases or receptor/ligand complexes, as well as
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identifying proteins, nucleic acids or other substances which might inhibit such

interactions. The invention is useful for assaying protein/nucleic acid interactions where

the protein or its corresponding recognition site for a protein has undergone a mutation, or

even where both have been mutated. The invention is of further use in determining the

nucleic acid sequence of a recognition site within a nucleic acid sequence for a protein that

is recognized by a given protein, or the consensus sequence of a recognition site within a

nucleic acid sequence for such a protein or plurality of proteins, e.g., where such a nucleic

acid sequence or sequences is/are unknown or incompletely characterized. The invention

is of use in determining a consensus amino acid sequence of targeting amino acid

sequences ofproteins which bind a given recognition site for a protein. The arrays ofthe

invention are additionally useful in identifying genes which may be co-regulated. The

arrays are therefore ultimately useful for identifying compositions that are of potential

scientific or clinical interest, particularly those with therapeutic potential.

OTHER EMBODIMENTS

Other embodiments will be evident to those of skill in the art. It should be

understood that the foregoing description is provided for clarity only and is merely

exemplary. The spirit and scope ofthe present invention are not limited to the above

examples, but are encompassed by the following claims.
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What is claimed is:

CLAIMS
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1 . A synthetic array of surface-bound, bimolecular, double-stranded nucleic acid

molecules, said array comprising

a solid support, and

a plurality of bimolecular double-stranded nucleic acid molecule members, a said

member comprising a first nucleic acid strand linked to said solid support and a second

nucleic acid strand which is substantially complementary to said first strand and

complexed to said first strand by Watson-Crick base pairing, wherein for at least a portion

of said members, each said member comprises a recognition site within a nucleic acid

sequence for a protein, wherein a recognition site within a nucleic acid sequence for a

protein of a first member is diflferent fi-om a recognition site within a nucleic acid sequence

for a protein of a second member and wherein a said protein is bound to a said member

thereof.

2. The array ofclaim 1 , wherein the 3' end of said first strand is linked to said

support.

3. The array of claim 1, wherein the 5' end of said first strand and the 3* end of said

second strand are not linked via a covalent bond.

4. The array of claim 1 , wherein the 5' end of said second strand is not linked to said

support.

5. The array of claim 1, wherein said recognition site within a nucleic acid sequence

for a protein is selected &om the group that includes naturally-occurring recognition sites

within a nucleic acid sequence for a protein or proteins, synthetic variants of naturally-

occurring recognition sites within a nucleic acid sequence for a protein or proteins and

randomized nucleic acid sequences.

6. The array ofclaim 5, wherein said recognition site within a nucleic acid sequence

for a protein comprises two half-sites, wherein either is recognized by a different protein
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7. The array of claim 1 , wherein said protein which is bound to a said member thereof

comprises a detectable label.

8. The array of claim 1 , wherein said protein is a chimeric protein.

9. The array of claim 8, wherein said chimeric protein comprises a DNA-binding

domain fused in-frame with a proteinrprotein dimerization domain.

10. The array of claim 8, wherein said chimeric protein comprises a DNA-binding

domain fused in-frame to Green Fluorescent Protein.

1 1 . The array of claim 1 , wherein said solid support is a silica support.

12. The array ofclaim 1 , wherein said first strand is produced by chemical synthesis

and said second strand is produced by enzymatic synthesis.

13. The array ofclaim 12, wherein said first strand is used as the template on which

said second strand is enzymatically produced.

1 4. The array of claim 1 3 , wherein said first strand of each said member contains at its

3' end a binding site for an oligonucleotide primer which is used to prime enzymatic

synthesis of said second strand, and at its S' end a variable sequence.

15. The array ofclaim 12, wherein said enzymatic synthesis is performed using an

enzyme.

16. The array ofclaim 14, wherein said oligonucleotide primer is between 10 and 30

nucleotides in length.

1 7. The array of claim 1 , wherein said first strand comprises DNA.
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18. The array of claim 1 , wherein said second strand comprises DNA.

19. The array of claim 1, wherein said first and second strands each comprise from 16

to 60 monomers selected from the group that includes ribonucleotides and

deoxyribonucleotides.

20. The array of claim 1, wherein said solid support is a silica support and said first

and second strands (X) each comprise from 16 to 60 monomers selected from the group

that includes ribonucleotides and deoxyribonucleotides.

2 1 . The array of claim 1 , wherein at least a portion of said plurality have a second

nucleic acid strand that is substantially complementary to- and base-paired with said first

strand along the entire length of said first strand.

22. A method for the construction of a synthetic array of surface-bound, bimolecular,

double-stranded nucleic acid molecules, comprising the steps of

(a) providing an array of first nucleic acid strands linked to a solid support,

(b) hybridizing to said first strands of step (a) an oligonucleotide primer

that is substantially complementary to a sequence comprised by a said first strand,

(c) performing enzymatic synthesis of a second nucleic acid strand that is

complementary to a said first strand of step (a) so as to permit Watson-Crick base pairing

and so as to form an array comprising a plurahty of bimolecular, double-stranded nucleic

acid molecule members, wherein for at least a portion of said members, each said member

comprises a recognition site within a nucleic acid sequence for a protein and wherein a

recognition site within a nucleic acid sequence for a protein of a first member is different^

fit>m a recognition site within a nucleic acid sequence for a protein ofa second member,

and

(d) incubating said array with a protein sample comprising a protein under

conditions that permit specific binding of said protein to a said member of said array, such

that a said protein becomes bound to a said recognition site within a nucleic acid sequence

for a protein on a said member to foim a nucleic acid protein array.

23. The method according to claim 22, wherein the 3' end ofsaid first strand is linked
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24. The method according to claim 22, wherein the 5' end of said first strand and the 3*

end of said second strand are not hnked via a covalent bond.

25. The method according to claim 22, wherein the 5' end of said second strand is not

linked to said solid support.

26. The method according to claim 22, wherein said recognition site within a nucleic

acid sequence for a protein is selected from the group that includes naturally-occurring

recognition sites within a nucleic acid sequence for a protein or proteins, synthetic variants

of naturally-occurring recognition sites within a nucleic acid sequence for a protein or

proteins and randomized nucleic acid sequences.

27. The method according to claim 26, wherein said recognition site within a nucleic

acid sequence for a protein comprises two half-sites, wherein either is recognized by a

different protein than is the other.

28. The method according to claim 22, wherein said protein which is boimd to a said

member of said array comprises a detectable label.

29. The method according to claim 22, wherein said protein is a chimeric protein.

30. The method according to claim 29, wherein said chimeric protein comprises a

DNA-binding domain fused in-frame with a protein:protein dimerization domain. . ,

3 1 . The method according to claim 29, wherein said chimeric protein comprises a

DNA-binding domain fused in-frame to Green Fluorescent Protein.

32. The method according to claim 22, wherein said solid support is a silica support.

33. The method according to claim 22, wherein said first strand of each said member

contains at its 3* end a binding site for an oligonucleotide primer which is used to prime
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enzymatic synthesis of said second, and at its 5' end a variable sequence, wherein said

binding site is present in each said member of said array.

34. The method according to claim 33, wherein said enzymatic synthesis is performed

using an enzyme.

35. The method according to claim 22, wherein said oligonucleotide primer of step (b)

is between 10 and 30 nucleotides in length.

36. The method according to claim 22, wherein said first strand of step (a) comprises

DNA,

37. The method according to claim 22, wherein said second strand of step (c)

comprises DNA.

38. The method according to claim 22, wherein said first and second strands each

comprise from 16 to 60 monomers selected fix>m the group that includes ribonucleotides

and deoxyribonucleotides.

39. The method according to claim 22, wherein said solid support is a silica support

and said first and second strands each comprise fix>m 16 to 60 monomers selected &om the

group that includes ribonucleotides and deoxyribonucleotides.

40. The method according to claim 28, wherein said protein sample comprises a

candidate inhibitor ofbinding of said protein to a said recognition site within a nucleic . ^

acid sequence for a protein on a said member of said array.

41 . The method according to claim 28, wherein said protein sample comprises a

candidate inhibitor ofbinding of said protein to a second protein.

42. A method of determining a consensus nucleic acid sequence for a recognition site

within a nucleic acid sequence for a protein comprising the steps of

a) providing a nucleic acid protein array comprising a solid support and a plurality
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of bimolecular double-stranded nucleic acid molecule members, a said member

comprising a first nucleic acid strand linked to said solid support and a second nucleic acid

strand which is substantially complementary to said first strand and complexed to said first

strand by Watson-Crick base pairing, wherein for at least a portion of said members, each

said member comprises a recognition site within a nucleic acid sequence for a protein,

wherein a recognition site within a nucleic acid sequence for a protein of a first member is

different from a recognition site within a nucleic acid sequence for a protein of a second

member and wherein a said protein comprising a detectable label is bound to a said

member thereof, and

b) performing a detection step to detect the presence of said label on a feature of

said array, wherein nucleotides that are shared among said recognition sites within a

nucleic acid sequence for a protein present on said features on which said label is detected

form a consensus nucleic acid sequence for a recognition site within a nucleic acid

sequence for a protein specific for said protein.

43. A method of identifying for a first protein which binds a nucleic acid as half of a

protein:protein heterodimer complex one or a plurality of candidate second proteins with

which it might dimerize and bind a nucleic acid molecule in vivo, comprising the steps of

a) providing a nucleic acid array comprising a solid support, and a plurality of

bimolecular double-stranded nucleic acid molecule members, a said member comprising a

first nucleic acid strand linked to said solid support and a second nucleic acid strand which

is substantially complementary to said first strand and complexed to said first strand by

Watson-Crick base pairing, wherein for at least a portion of said members, each said

member comprises a recognition site within a nucleic acid sequence for a protein, wherein

a recognition site within a nucleic acid sequence for a protein of a first member is different

fix)m a recognition site within a nucleic acid sequence for a protein of a second member,

wherein a said recognition site within a nucleic acid sequence for a protein comprises two

half-sites and wherein either of said half-sites of a said recognition site within a nucleic

acid sequence for a protein is recognized by a different protein than is the other,

b) incubating said array with a protein sample comprising a first protein which

recognizes a first half-site of a said recognition site within a nucleic acid sequence for a

protein and one or a plurality ofcandidate second proteins under conditions which permit

heterodimerization of a said first and candidate second protein and binding of a
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proteiniprotein heterodimer to a said recognition site within a nucleic acid sequence for a

protein,

c) recovering a said proteiniprotein heterodimer complex from a said member of

said array under conditions whereby said first protein and said candidate second protein

dissociate from one another, and

d) identifying said candidate second protein, wherein each said candidate second

protein so identified represents a protein with which said first protein may interact in vivo.

44. The method ofclaim 43, wherein said identifying in step d) of said candidate

second protein comprises sequencing thereof.

45. The method of claim 43, wherein said identifying in step d) of said candidate

second protein comprises binding of said candidate second protein to an antibody which is

specific therefor.

46. The method according to claim 43, wherein said first protein comprises a

detectable label.

47. The method according to claim 47, further comprising the step ofperfomiing a

detection step to detect the presence of said label on a feature of said array, wherein the

recognition site within a nucleic acid sequence for a protein present on a feature upon

which said label is detected represents a candidate recognition site within a nucleic acid

sequence for a protein which said heterodimer may bind in vivo.

48. A method of identifying candidate members of a set of co-regulated genes, . -

comprising the steps of

a) providing a nucleic acid protein array comprising a solid support and a plurality

ofbimolecular double-stranded nucleic acid molecule members, a said member

comprising a first nucleic acid strand linked to said solid support and a second nucleic acid

strand which is substantially complementary to said first strand and complexed to said first

strand by Watson-Crick base pairing, wherein for at least a portion of said members, each

said member comprises a recognition site within a nucleic acid sequence for a protein,

wherein a recognition site within a nucleic acid sequence for a protein ofa first member is
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different from a recognition site within a nucleic acid sequence for a protein of a second

member and wherein a said protein comprising a detectable label is bound to a said

member thereof, and

b) performing a detection step to detect the presence ofsaid label on a feature of

said array, wherein a gene having among its regulatory sequences one or more of said

recognition sites within a nucleic acid sequence for a protein present on a said feature on

which said label is detected is characterized as a candidate member of a set of co-regulated

genes genes that are regulated by said protein.

49. A method of assaying a candidate inhibitor ofprotein/nucleic acid interactions,

comprising the steps of

a) providing a nucleic acid array comprising a solid support and a plurality of

bimolecular double-stranded nucleic acid molecule members, a said member comprising a

first nucleic acid strand linked to said solid support and a second nucleic acid strand which

is substantially complementary to said first strand and complexed to said first strand by

Watson-Crick base pairing, wherein for at least a portion of said members, each said

member comprises a recognition site within a nucleic acid sequence for a protein, wherein

a recognition site within a nucleic acid sequence for a protein of a first member is dififerrat

fiom a recognition site within a nucleic acid sequence for a protein of a second member,

b) incubating said array with a protein sample comprising a protein comprising a

detectable label and a candidate inhibitor ofbinding of said protein to a recognition site

within a nucleic acid sequence for a protein on a said member of said array, under

conditions which nomfially permit binding of said protein to said member, and

c) performing a detection step to detect the presence of said label on said member,

wherein the presence of said label on said member corresponds with binding ofsaid - -

protein to said member and wherem the negation of- or reduction in binding ofsaid

protein to said member is indicative of efficacy of said candidate inhibitor of

proteininucleic acid interactions in inhibiting binding of said protein to said recognition

site within a nucleic acid sequence for a protein.

50. A method of assaying a candidate inhibitor of a protein/protein interaction,

comprising the steps of

a) providing a nucleic acid airay comprising a solid support and a plurality of
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bimolecular double-stranded nucleic acid molecule members, a said member comprising a

first nucleic acid strand linked to said solid support and a second nucleic acid strand which

is substantially complementary to said first strand and complexed to said first strand by

Watson-Crick base pairing, wherein for at least a portion of said members, each said

member comprises a recognition site within a nucleic acid sequence for a protein, wherein

a recognition site within a nucleic acid sequence for a protein of a first member is different

&om a recognition site within a nucleic acid sequence for a protein of a second member,

b) incubating said array with a protein sample comprising a first comprising a

detectable label, wherein binding of said first protein to a recognition site within a nucleic

acid sequence for a protein on a said member of said array is dependent upon an

interaction between said first protein and a second protein and wherein said protein sample

fiuther comprises said second protein and a candidate inhibitor of said interaction, under

conditions which normally permit said interaction, and

c) performing a detection step to detect the presence of said label on a said

member of said array, wherein the presence of said label on a said member corresponds

with binding of said nucleic-acid-binding protein to said member and wherein the negation

of- or reduction in binding of said protein to said member is indicative of efiScacy of said

candidate inhibitor in inhibiting said interaction between said first protein and said second

protein.
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